ABSTRACT
INTRODUCTION

43
Lysobacter enzymogenes, a member of the gammaproteobacterial family 44 Xanthomonadaceae, is a promising organism for biocontrol of fungal plant pathogens 45 (Zhang and Yuen, 1999; Qian et al., 2009) . It infects filamentous fungal pathogens, such 46 as Bipolaris sorokiniana, the causative agent of common root rot and spot blotch of barley 47 and wheat seeds, and suppresses their growth through secretion of a heat-stable 48 antifungal factor and production of extracellular chitinase, lysobactin, and other 
64
RESULTS
65
Le2152 protein is required for type IV pili-mediated twitching motility 66 We have used a wild-type environmental isolate of L. enzymogenes, strain OH11 (Qian 67 et al., 2009), to conduct transposon mutagenesis with Tn5 and generate a mutant library. 68 After screening more than 300 mutant strains, we identified a mutant that completely 69 4 lacked twitching motility. The disrupted gene in this mutant was identified as Le2152
70
(locus tag D9T17_01580, GenBank accession number ROU09072.2), which encodes a 772-71 aa protein that was predicted to function as a phosphomannomutase. To validate the 72 role of Le2125 in twitching motility, we generated an in-frame deletion mutant via 73 homologous double cross-over recombination, as described previously (Qian et al., 2012) , 74 see Supporting Information Tables S1 and S2 for experimental details. As shown in Figure   75 1, this in-frame deletion mutant, ΔLe2152, was also deficient in twitching motility, as no 76 mobile cells were observed at the margin of its colony, whereas wild-type OH11 had 77 numerous mobile cells at the margin of its colonies. Introduction of a plasmid-borne
78
Le2152 gene under its native promoter fully restored twitching motility of ΔLe2152, while 79 the ΔLe2152 strain carrying an empty vector was still deficient in this function. In contrast 80 to the ΔLe2152 strain, a mutant with a deletion in Le4861 gene that codes for a closely 81 related enzyme phosphoglucosamine mutase (GlmM, locus tag D9T17_13225, GenBank 82 accession ROU06416.1) exhibited no motility defect (Supporting Information Figure S1 ). 83 These results show that the product of Le2152 is required for twitching motility in protein showed molecular weight of ca. 100 KDa, which is above the calculated molecular 96 weight of 82 kDa of the full-length Le2152 (Supporting Information Figure S2A) Figure 3) . Surprisingly, the N-terminal periplasmic dCache 157 domain was also detected in the ORFs of the well-characterized phosphomannomutase 158 AlgC of P. aeruginosa strains PAO1 and PA14 (Table 1) . While the enzymatically active C-159 terminal part of this protein had been cloned back in 1991 (Zielinski et al., 1991) , the full- Table S1 ). The final constructs were transformed into the wild-type strain by Table S2 ).
304
Gene complementation construct was generated as described earlier (Qian et al., Table S2 ) and cloned into the broad-host vector pBBR1-MCS5 (Supporting 308 Information Table S1 ). The plasmid was transformed into the mutant by electroporation, 309 and the transformants were selected on the LB plates containing Km and Gm. Table S1 . Strains and plasmids used in this study 595 Figure S1 . Twitching motility of Lysobacter enzymogenes is not affected by the absence 601 of the glmM gene. 
